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(57) ABSTRACT

The present disclosure describes a method capable of easily
and rapidly inspecting the susceptibility of bacteria or fungi
to an antimicrobial drug. The inspection method of the
present disclosure is a method for inspecting susceptibility of
bacteria or fungi to an antimicrobial drug using a micro-
device having flow channels, including: incubating a mixture
of'the antimicrobial drug and a suspension to be inspected in
the flow channels of the micro-device; and detecting bacteria
or fungi derived from the suspension to be inspected in an
observation area of the flow channels of the micro-device.
The detecting step can be performed by detecting an increase
or decrease in the number of or a change in shape of bacteria
or fungi derived from the suspension to be inspected in the
observation area by a microscope or the like.
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1
METHOD FOR INSPECTING
SUSCEPTIBILITY OF BACTERIA OR FUNGI
TO ANTIMICROBIAL DRUG AND SYSTEM
FOR USE IN THE SAME

TECHNICAL FIELD

The present invention relates to a method for inspecting the
susceptibility of bacteria or fungi to an antimicrobial drug,
and a system for use in the method.

BACKGROUND ART

Recently, the number of drug-resistant bacteria has been
increased. Thus, in order to select an effective antimicrobial
drug, it has been really important to check the susceptibility
of bacteria or fungi to an antimicrobial drug.

In order to inspect the susceptibility of bacteria and fungi,
devices (systems) aimed at simplification and acceleration
have been released (Non-Patent Document 1). However,
these large systems are expensive. Moreover, in order to
determine turbidity, these devices require bacteria to be
grown until a resultant culture has a turbidity that can be
determined. For example, in the case of bacteria with a low
growth rate such as Pseudomonas aeruginosa, it requires 8
hours or more to grow bacteria at the earliest. Furthermore,
examples of a method requiring no such device generally
include a broth microdilution method, a method in which the
MIC (minimum inhibitory concentration) is determined from
an inhibitory zone formed in an agar medium after cultivation
by a disc with a concentration gradient, and a disc method
based on a Kirby-Bauer method (K-B method) (Non-Patent
Document 2). However, these methods also require about 18
hours from the initiation of inspection to determination of
susceptibility. Thus, further acceleration of the inspection is
required.

PRIOR ART DOCUMENTS
Non-Patent Documents

Non-Patent Document 1: Kanemitsu et al., Journal of
Clinical Microbiology, 2005, pp. 5808-5810

Non-Patent Document 2: Ishii et al., Japan Journal of Che-
motherapy, 2002, pp. 259-265

SUMMARY OF INVENTION

Hence, the present invention is intended to provide a novel
method capable of easily and rapidly inspecting the suscep-
tibility of bacteria or fungi to an antimicrobial drug and an
inspection system for use in the method.

In order to achieve the aforementioned object, the inspec-
tion method of the present invention is a method for inspect-
ing the susceptibility of bacteria or fungi to an antimicrobial
drug using a micro-device having a flow channel (a flow
path), the method including: an incubating step of incubating
amixture of the antimicrobial drug and a bacterial suspension
to be inspected in the flow channel of the micro-device; and a
detecting step of detecting bacteria or fungi derived from the
bacterial suspension to be inspected in an observation area of
the flow channel of the micro-device.

The inspection system of the present invention is a system
for inspecting the susceptibility of bacteria or fungi to an
antimicrobial drug by the inspection method of the present
invention, the system including: an incubation unit that incu-
bates a micro-device having a flow channel containing a
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mixture of a bacterial suspension to be inspected and the
antimicrobial drug; an image acquisition unit that acquires an
image of'an observation area in the flow channel of the micro-
device; an information acquisition unit that acquires informa-
tion on at least one of the number and the shape (form) of
bacteria or fungi in the image; and a determination unit that
determines susceptibility of bacteria or fungi derived from the
bacterial suspension to be inspected to the antimicrobial drug
on the basis of the information.

According to the present invention, the susceptibility of
bacteria or fungi to an antimicrobial drug can be easily and
rapidly checked by incubating a mixture of the antimicrobial
drug and a bacterial suspension to be inspected in a flow
channel of the micro-device and observing an observation
area in the flow channel by a microscope or the like, for
example. Moreover, according to the inspection system of the
present invention, the inspection method of the present inven-
tion can be performed easily. Therefore, the present invention
is really useful in clinical inspection, environmental testing,
and the like. Specifically, in the clinical inspection, for
example, an appropriate antimicrobial drug for bacteria and
fungi to be inspected can be selected promptly. Thus, effects
such as an improvement in lifesaving rate, a reduction in
volume of an unnecessary drug to be used, and the like are
expected, and in the long run, there is a possibility of sup-
pressing an increase in the number of resistant bacteria.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A is a perspective view showing an example of a
micro-device.

FIG. 1B is a top view showing the example of a micro-
device.

FIG. 1C is a bottom view showing an example of an upper
substrate in the micro-device.

FIG. 2A is a perspective view showing another example of
a micro-device.

FIG. 2B is a top view showing the another example of a
micro-device.

FIG. 2C is a bottom view showing an example of an upper
substrate in the micro-device.

FIG. 2D is a cross-sectional view showing the another
example of a micro-device.

FIG. 3 shows microscope photographs of Pseudomonas
aeruginosa in an example of the present invention.

FIG. 4 show microscope photographs of another
Pseudomonas aeruginosa in the example of the present
invention.

FIG. 5 show microscope photographs of yet another
Pseudomonas aeruginosa in the example of the present
invention.

FIG. 6 is a graph showing a classification of 65 kinds of
Pseudomonas aeruginosa strains in an example ofthe present
invention.

FIG. 7 show microscope photographs of Pseudomonas
aeruginosa in an example of the present invention.

FIG. 8 is microscope photographs of another Pseudomo-
nas aeruginosa in the example of the present invention.

FIG. 9is ablock diagram showing an example of an inspec-
tion system of the present invention.

FIG. 10A is a perspective view showing yet another
example of a micro-device.

FIG. 10B is a top view showing the yet another example of
a micro-device.

FIG. 10C is a bottom view showing the yet another
example of an upper substrate in the micro-device.
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FIG. 10D is a cross-sectional view showing the yet another
example of a micro-device.

DESCRIPTION OF EMBODIMENTS

The inspection method of the present invention is, as men-
tioned above, a method for inspecting the susceptibility of
bacteria or fungi to an antimicrobial drug using a micro-
device having a flow channel, the method including: an incu-
bating step of incubating a mixture of the antimicrobial drug
and a bacterial suspension to be inspected in the flow channel
of'the micro-device; and a detecting step of detecting bacteria
or fungi derived from the bacterial suspension to be inspected
in an observation area of the flow channel of the micro-device.

In the present invention, inspection of the susceptibility of
bacteria or fungi to an antimicrobial drug encompasses
inspection of a resistance of bacteria or fungi to an antimi-
crobial drug, for example.

In the inspection method of the present invention, the kinds
of bacteria and fungi to be inspected are not particularly
limited. Specific examples thereof include Staphylococcus
aureus, Enterococcus, Escherichia coli, and other enteric
bacteria, Pseudomonas aeruginosa, Acinetobacter bacteria
and other sugar non-fermentable bacteria (which do not fer-
ment sugar), Streptococcus pneumoniae, Haemophilus influ-
enza, Legionella bacteria, Campylobacter bacteria, and
Mycobacterium tuberculosis.

In the inspection method of the present invention, the kind
of the bacterial suspension to be inspected is not particularly
limited. The bacterial suspension to be inspected can be pre-
pared from a colony obtained by isolation culture of a clinical
specimen or the like, for example. The bacterial suspension to
be inspected, however, is not limited by this, and for example,
a clinical specimen as it is can be used. In this case, for
example, the clinical specimen is preferably a specimen hav-
ing a low probability of being contaminated and a specimen
that can ensure a sufficient bacterial density. In the case of
using the clinical specimen, for example, it is preferred that
bacteria are extracted from the clinical specimen, and the
extracted bacteria are re-suspended in a culture medium.

In the inspection method of the present invention, the struc-
ture of the micro-device is not at all limited as long as it
includes a flow channel into which the bacterial suspension to
be inspected can be introduced. Examples of the micro-de-
vice are described below.

In the inspection method of the present invention, the order
of introducing the antimicrobial drug and the bacterial sus-
pension to be inspected is not particularly limited. The intro-
duction can be restated as inoculation or supply, for example.
In the incubating step, for example, a mixture of the antimi-
crobial drug and the bacterial suspension to be inspected may
be introduced into the flow channel of the micro-device. For
example, the antimicrobial drug may be previously placed in
the flow channel of the micro-device, and the bacterial sus-
pension to be inspected may be introduced into the flow
channel of the micro-device before or in the incubating step.

In the inspection method of the present invention, the vol-
ume of the bacterial suspension to be inspected and the num-
ber of bacteria in the bacterial liquid to be inspected (the
density of the bacterial suspension) are not particularly lim-
ited. The volume and the density of the bacterial suspension
can be set as appropriate according to the size of the micro-
device, the size of the flow channel, and the like, for example.
Inthe inspection method of the present invention, the volume
of'the antimicrobial drug to be used is not particularly limited
and can be set as appropriate according to the volume of the
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bacterial suspension to be inspected, an estimated clinically
effective concentration (breakpoint), and the like, for
example.

Inthe inspection method of the present invention, the incu-
bation conditions in the incubating step are not particularly
limited. The incubation conditions can be selected as appro-
priate according to the optimal growth conditions of bacteria
or fungi to be inspected, for example. The incubation tem-
perature is not particularly limited and is, for example, from
30° C.t037° C. As a specific example thereof, the incubation
temperature of ordinary bacteria such as Escherichia coli and
Pseudomonas aeruginosa is, for example, 37° C. The incu-
bation time is not particularly limited, and the incubation time
of’bacteria with a high growth rate such as Escherichia coli is,
for example, from 2 to 3 hours, and the incubation time of
Pseudomonas aeruginosa and other sugar non-fermentable
bacteria is, for example, from 3 to 4 hours. The incubation
time, however, is not limited thereby, and the incubation can
be finished when the growth of the bacteria to be inspected in
the absence of the antimicrobial drug (control) reaches a level
sufficient for determination, for example.

In the inspection method of the present invention, for
example, this incubation time substantially becomes a factor
for determining a total time required for inspection. There-
fore, it can be said that, according to the inspection method of
the present invention, the incubating step can be performed in
a short time, and comprehensively, the inspection can be
performed in a really short time.

In the incubating step, the micro-device is preferably incu-
bated under the conditions where the humidity is maintained
because the change in concentration of the antimicrobial drug
caused by dryness in a flow channel by heating can be pre-
vented sufficiently, for example. As a specific example, for
example, it is preferred that the micro-device is incubated in
anairtight container containing a tissue which contains water.
The humidity is, for example, from 95% to 100%, preferably
from 97% to 100%.

It is preferred that in the detecting step, at least one of an
increase or decrease in the number of and the change in shape
of bacteria or fungi derived from the bacterial suspension to
be inspected in the observation area is observed, for example.
In the detecting step, for example, at least one of the number
and the shape or both of them may be observed. In the detect-
ing step, for example, the degree of density of bacteria or
fungi may be observed. In the detecting step, for example,
changes in the number, shape, and/or the degree of density of
bacteria or fungi before and after the incubating step or over
time may be observed. In the case where bacteria or fungi
show a resistance to the antimicrobial drug, when the incu-
bation is performed, the number of the bacteria or fungi is
increased, for example. On the other hand, in the case where
bacteria or fungi show susceptibility to the antimicrobial
drug, even if the incubation is performed, there is an indica-
tion that the number of the bacteria or fungi is not increased or
is decreased by a bacterial death, or the shape is changed, for
example. Thus, for example, susceptibility of bacteria or
fungi to the antimicrobial drug can be determined by observ-
ing the increase or decrease in the number of bacteria or fungi
and/or the change in shape. The susceptibility can be, for
example, determined as the presence or absence of suscepti-
bility or the MIC.

In the detecting step, detection method for detecting bac-
teria or fungi derived from the bacterial suspension to be
inspected is not particularly limited and can be, for example,
detection by a microscope. It is preferred that bacteria or
fungi derived from the bacterial suspension to be inspected
are detected by a microscope in the detecting step because the
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inspection can be performed more accurately. The kind of the
microscope is not particularly limited, examples thereof
include an optical microscope and a fluorescence micro-
scope, and an optical microscope is preferable. The micro-
scope is preferably a compact microscope, for example. The
microscope preferably includes a CCD (Charge Coupled
Device), for example. The inspection method of the present
invention uses the micro-device and the microscope, so that it
does not require the use of expensive devices (machines) and
can avoid a requirement of a space by the devices, for
example. Therefore, for example, the inspection method of
the present invention easily can be introduced into existing
inspecting rooms and laboratories and can be really easily
performed. The detection by a microscope encompasses
detection by an image output from the microscope, for
example. The microscope is preferably linked to an output
unit in order to obtain an image in the field of the microscope,
for example. Examples of the output unit include a monitor
and a printer.

In the detection method of the present invention, the detect-
ing step is performed before or after the incubating step and is
particularly preferably performed before and after the incu-
bating step. That is, it is preferred that bacteria or fungi
derived from the bacterial suspension to be inspected in an
observation area of the flow channel is detected before and
after the incubation of the micro-device. Thus, for example,
the number of bacteria or fungi before the incubation and the
number of bacteria or fungi after the incubation can be com-
pared, or the shape before the incubation and the shape after
the incubation can be compared, for example.

In the detection method of the present invention, the micro-
device is not at all limited as mentioned above. The micro-
devices are shown below as examples. The present invention,
however, is not limited by the examples.

In the micro-device, the flow channel is not limited as long
as a liquid can be moved inside the flow channel. The mecha-
nism of causing a liquid to flow inside the flow channel is not
atall limited. As a specific example, the liquid may be moved
utilizing the capillary phenomenon of the flow channel or
may be moved by pressurizing or depressurizing, for
example. The flow channel is preferably a micro-flow chan-
nel, for example. For example, in order to ensure the length of
the flow channel and the like, the flow channel may be pro-
vided in a bent state. In this case, for example, from the
viewpoint of reducing a resistance to the liquid passing
through the flow channel, a corner of the flow channel is
preferably curved, round, or the like.

In the micro-device, one end of the flow channel is opened,
for example. The opened end is, for example, an inlet of the
bacterial suspension to be inspected and is also referred to as
a supply port or an inoculation port. The other end of the flow
channel also is preferably opened, for example. The other
opened end is, for example, an air vent. The other opened end
may be an outlet of leading out the bacterial suspension to be
inspected which has been introduced from the inlet and has
passed through the flow channel, for example. The outlet also
can be referred to as a discharge port of discharging the
bacterial suspension to be inspected from the flow channel,
for example. In the flow channel, a direction of causing the
bacterial suspension to be inspected to flow from the inlet is
referred to as a “flowing direction”. In the flowing direction,
for example, the inlet side is the upstream side, and the air
vent side is the downstream side. In the flow channel, the
observation area is set to the downstream side from the inlet
and is set between the inlet and the air vent, for example.

The flow channel further may have an exhaust section, for
example. The exhaust section is preferably positioned on the
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downstream side from the observation area and is, for
example, specifically positioned at the end of the flow chan-
nel. The exhaust section is, for example, an air vent. The end
ofthe flow channel has an effluent section as an area in which
the bacterial suspension to be inspected that has been passed
through the observation area can be accumulated, for
example. The end of the flow channel on the downstream side
may have both of the exhaust section (air vent) and the efflu-
ent section.

Hereinafter, in the flow channel, the upstream side from the
observation area is also referred to as an “introduction flow
channel”, and the downstream side from the observation area
is also referred to as a “discharge flow channel”. The length of
the introduction flow channel may be identical to or different
from the length of the discharge flow channel, for example. In
the latter case, the discharge flow channel is preferably
shorter than the introduction flow channel because air is sup-
plied smoothly from the air vent (exhaust port), and bacteria
or fungi derived from the bacterial suspension to be inspected
can be easily grown, for example. The size of the observation
area (e.g., width of the flow channel) may be identical to or
different from the size of the introduction flow channel and
the discharge flow channel (e.g., the width of the flow chan-
nel). In the latter case, even if the width of the flow channel is
increased before and after the observation area from the view-
point of reducing a resistance of the suspension, the size of the
observation area is preferably smaller than the size of the
introduction flow channel and the discharge flow channel in
order to easily observe a plurality of flow channels by a
microscope at the same time, for example.

In the micro-device, the flow channel is provided in a
substrate (also referred to as a base material), for example.
The substrate is preferably a transparent base material
because it can be observed by a microscope or the like, for
example. A raw material of the transparent base material is
not particularly limited, and examples thereof include a poly-
mer such as polydimethylsiloxane and glass. In the case
where bacteria or fungi to be detected are aerobic bacteria or
fungi, the substrate is preferably a breathable substrate.

In the micro-device, the substrate is preferably a laminate
of'an upper substrate and a lower substrate. For example, it is
preferred that a concave portion as the flow channel is formed
in the surface of the upper substrate on which the lower
substrate is laminated, and the upper substrate has a through
hole(s) at the position(s) corresponding to one end or both
ends of the flow channel. By laminating the upper substrate
and the lower substrate, for example, in a resultant laminate,
a space formed by the concave portion of the upper substrate
becomes the flow channel, and the through hole at the one end
of the upper substrate becomes an inlet of the flow channel,
and the through hole at the other end becomes an air vent
(outlet) of the flow channel. A desired portion in the flow
channel can be set as the observation area. When a liquid is
supplied from the inlet of the upper substrate to the laminate,
the liquid is introduced into the flow channel through the inlet,
passes through the flow channel, and reaches the other end of
the flow channel. The same applies to the case where the
micro-device further includes the exhaust section. It is pre-
ferred that a concave portion as the exhaust section is further
formed at the end on the downstream side of the flow channel
in the surface of the upper substrate or the lower substrate, on
which the lower substrate or the upper substrate is laminated.
Moreover, it is preferred that the upper substrate has a through
hole as the air vent at the position corresponding to the
exhaust section, for example. The micro-device, however, is
not limited by such form, and for example, the lower substrate
may have the above-mentioned concave portion.
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In the micro-device, for example, an antimicrobial drug
may be previously placed in the flow channel. Hereinafter, in
the flow channel, the portion in which the antimicrobial drug
is placed or the portion on which the antimicrobial drug has
been placed is also referred to as a reagent section. In the
reagent section, an antimicrobial drug may be previously
placed or may be placed in use before introduction of the
bacterial suspension to be inspected, for example. In this case,
for example, by supplying the bacterial suspension to be
inspected to the micro-device, the bacterial suspension to be
inspected and the antimicrobial drug can be mixed in the flow
channel.

A method for placing the antimicrobial drug in the reagent
section is not particularly limited, and for example, the anti-
microbial drug can be placed by supplying an antimicrobial
drug solution containing the antimicrobial drug to a desired
portion of the flow channel and drying the antimicrobial drug
solution. The antimicrobial drug may be placed in the flow
channel by causing the antimicrobial drug solution to channel
from the inlet or the outlet through the inside of the flow
channel. It is preferred that the micro-device is dried after
introducing the antimicrobial drug solution into the micro-
device, for example.

In the case where an antimicrobial drug is previously
placed in the micro-device, the micro-device is preferably
stored in the dry state until the micro-device is used.

The micro-device may not include the reagent section, for
example. In this case, for example, the bacterial suspension to
be inspected and the antimicrobial drug are mixed outside of
the micro-device, and this mixture may be introduced into the
micro-device.

In the micro-device, the number of flow channels each
having the observation area is not particularly limited. The
number of flow channels can be set as appropriate according
to the number of supplied bacterial suspensions to be
inspected, the number of antimicrobial drugs, the number of
concentrations of the antimicrobial drugs, the number of con-
trols, and the like, for example. The number of flow channels
each having the observation area is, for example, plural, two
or more, for example, from 2 to 25. It is preferred that the
number of the flow channels is set to the number capable of
being placed in order to be easily observed by a microscope
according to the purpose, for example. As described above,
according to the micro-device having a plurality of the flow
channels, it is possible to determine plural kinds of antimi-
crobial drugs, plural kinds of concentrations of the antimicro-
bial drugs, and/or plural kinds of bacterial suspensions to be
inspected in one micro-device, for example. The number of
the flow channels can be increased by increasing the size of
the micro-device, for example. When the micro-device
includes a plurality of the flow channels, the lengths of the
flow channels may be identical to or different from one
another. The former is preferable from the viewpoint of mak-
ing the growth rates of bacteria or fungi derived from the
bacterial suspensions to be inspected be even.

When the micro-device includes a plurality of flow chan-
nels, for example, it is preferred that, in the detecting step,
bacteria or fungi derived from the bacterial suspension to be
inspected in each observation area of the flow channels are
detected. Moreover, in the micro-device, the observation
areas of the plurality of flow channels are preferably parallel
to and adjacent to one another and can be said to be placed in
parallel, for example. In the case where a microscope is used
in the detecting step, for example, it is preferred that all of the
observation areas in the micro-device are converged and
placed so as to be in a field of microscope because all of the
observation areas can be observed by one observation.
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When the micro-device includes a plurality of flow chan-
nels each having the observation area, the flow channels may
be independent flow channels or may be partially linked with
one another. The former micro-device is shown below as an
example of the first embodiment, and the latter micro-device
is shown below as examples of the second and third embodi-
ments. The micro-device in the present invention, however, is
not limited by these examples.

(First Embodiment)

A micro-device of the first embodiment is in a form of
having different inlets and different observation areas in a
plurality of flow channels, for example.

In the micro-device, for example, inlets and observation
areas are separated from one another, and thus, in each obser-
vation area of the flow channels, inspections on a different
bacterial suspension to be inspected, a different antimicrobial
drug, and/or a different concentration of the same antimicro-
bial drug can be performed.

FIGS. 1A to 1C show an example of the micro-device. FI1G.
1A is a perspective view showing a micro-device 1 in the state
of separating into an upper substrate 10 and a lower substrate
20 which configure the micro-device 1. FIG. 1B is a top view
of the micro-device 1. FIG. 1C is a bottom view of the upper
substrate 10, i.e., a drawing of the surface of the upper sub-
strate 10 on which the lower substrate 20 is laminated.

As shown in FIGS. 1A and 1B, an upper substrate 10 is
provided with through holes 114' to 114", 21a' to 214, 314" to
314, 414' to 41d', and 514’ as inlets and through holes 154" to
15d', 254" to 25d', 354" to 35d', 45a' to 45d', and 554" as air
vents. Although only the inlet 114" and the air vent 154' are
three-dimensionally shown in FIG. 1A, the other through
holes are the same.

As shown in FIG. 1C, in the lower surface of the upper
substrate 10, introduction sections 11ato 11d, 21a to 214, 31a
t0 31d, 41a to 41d, and 51a corresponding to the inlets 114" to
114, 21a' to 214", 314" to 314, 414" to 414, and 514', respec-
tively, introduction flow channels 12a to 12d, 22a to 22d, 32a
10 32d,42at0 42d, and 52a, observation areas 13a to 13d, 23a
to 23d, 33a to 33d, 43a to 43d, and 53a, discharge flow
channels 14a to 14d, 24a to 24d, 34a to 34d, 44a to 44d, and
54a, and exhaust sections 15a to 15d, 25a to 25d, 35a to 354,
45a to 454, and 55a corresponding to air vents 154" to 154,
254" to 25d', 354" to 354, 454" to 454", and 554, respectively
are linked respectively and formed as concave portions.
Although the reference numerals of observation areas other
than the observation areas 13a, 23a, 334, and 43a are omitted
in FIG. 1C, regions parallel to the observation area 134 are
observation areas 135 to 13d in order from the observation
area 13a side, regions parallel to the observation area 23a are
observation areas 235 to 23d in order from the observation
area 23a side, regions parallel to the observation area 33a are
observation areas 335 to 33d in order from the observation
area 33a, regions parallel to the observation are 43a are obser-
vation areas 435 to 43d in order from the observation area
43a, and a central region in the flow channel between the inlet
51a and the exhaust section 55a is an observation area 53a.
The observation areas other than the observation area 53a are
bent at two positions, and it is preferred that the portion
parallel to the observation area 53a is observed.

Hereinafter, each space formed by linking the inlet, the
introduction section, the introduction flow channel, the obser-
vation area, the discharge flow channel, the exhaust section,
and the air vent is referred to as a “lane”, and the name of each
lane is represented by the reference numeral of each inlet.
That is, for example, a space formed by linking an inlet 114',
an introduction section 1la, an introduction flow channel
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12a, an observation area 13a, a discharge flow channel 14a,
an exhaust section 154, and an air vent 154" is referred to as a
lane 11a".

The size of the micro-device 1 is not particularly limited
and can be shown as follows, for example.

Overall Size

Width (Length in an arrow X direction in FIG. 1A): e.g., 30
to 40 mm

Length (Length in an arrow Y direction in FIG. 1A): e.g.,
30 to 40 mm

Thickness (Length in an arrow Z direction in FIG. 1A):
eg.,1to3 mm
Upper substrate 10,

Thickness: e.g., 0.8 to 2.8 mm

Depth of concave portion: e.g., 10 to 25 um
Inlet

Diameter: e.g., 0.75 to 1.5 mm, preferably 0.75 mm
Introduction Flow Channel

Length: e.g., 10 to 15 mm
Observation Area

Length: e.g., 1 to 5 mm
Discharge Flow Channel

Length: e.g., 10 to 15 mm
Exhaust Section

Diameter: e.g., 0.75 to 1.5 mm
Lower Substrate 20

Thickness: e.g., 0.12 to 0.17 mm

The micro-device may or may not have a reagent section,
for example. In the former case, the position of the reagent
section preferably includes at least the observation area, more
preferably includes a range from the inlet to the observation
area, yet more preferably includes a range from the inlet to the
air vent, i.e., an entire flow channel including the introduction
flow channel and the discharge flow channel, for example.

In the case where the antimicrobial drug is previously
placed in the micro-device, for example, the antimicrobial
drug solution is introduced from either one of the inlet and the
air vent into the flow channel (the flow channel is filled with
the antimicrobial drug solution), and thereafter, the micro-
device is dried. Thus, the antimicrobial drug can be placed.

In the micro-device, the introduction volume of the anti-
microbial drug solution into each lane is not particularly
limited and is, for example, 0.2 to 3 pl. per a lane. The
preparation of the antimicrobial drug solution is not particu-
larly limited, and for example, a solvent, the concentration,
and the like can be decided as appropriate according to the
kind of the antimicrobial drug. The solvent is not particularly
limited, and examples thereof include ethanol, water, and a
buffer solution.

In the micro-device, the introduction volume of the bacte-
rial suspension to be inspected into each lane, is not particu-
larly limited. In the micro-device, the introduction volume
and density of bacteria in the bacterial suspension to be
inspected into each lane is not particularly limited, and it is
desired that the turbidity of the bacterial suspension to be
inspected is adjusted to 0.5 McFarland, for example. The
volume and density of bacteria in the bacterial suspension to
be inspected can be modified according to the bacterial strain
and the purpose of the inspection, for example.

Each flow channel of the micro-device has a different inlet.
Therefore, according to the micro-device, for example, by
introducing a bacterial suspension to be inspected containing
a different antimicrobial drug into each flow channel, the
susceptibility of specific bacteria to be inspected to a plurality
of antimicrobial drugs can be checked. Moreover, according
to the micro-device, for example, filling each flow channel
with the same antimicrobial drug with a different concentra-
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tion and introducing the same bacterial suspension to be
inspected into each inlet, the MIC (minimum inhibitory con-
centration) of the specific antimicrobial drug can be deter-
mined. Furthermore, according to the micro-device, for
example, by placing the same antimicrobial drug in each
reagent section and introducing a different bacterial suspen-
sion to be inspected into each inlet, the susceptibility of each
bacterial suspension to be inspected to the specific antimicro-
bial drug can be checked.

A specific example of the micro-device 1 can be, for
example, in a form in which different antimicrobial drugs are
placed in a group of lanes 11a' to 114", a group of lanes 214’
to 21d', a group of lanes 31a'to 314", and a group of lanes 414’
to 414", the same antimicrobial drug with a different concen-
tration is placed in each lane of each group, and the lane 514’
isused as a control of placing no antimicrobial drug. With this
form, for example, the susceptibility and the resistance of one
kind of a bacterial suspension to be inspected to each of four
kinds of antimicrobial drugs can be checked. Furthermore, an
antimicrobial drug with a different concentration is placed in
each lane of each group, and thus, the MIC can be determined.

A method for inspecting susceptibility of a bacterial sus-
pension to be inspected to a bacterial drug using the micro-
device 1 having flow channels, each of which is filled with the
bacterial drug, is shown below as an example.

First, the bacterial suspension to be inspected is supplied to
each inlet in the micro-device 1. The bacterial suspension to
beinspected, supplied to each inlet moves from the inlet to the
flow channel and is thus mixed with the antimicrobial drug
fixed in the flow channel.

Next, the micro-device 1 is incubated. The incubation con-
ditions are, for example, as mentioned above. The observa-
tion area of the micro-device 1 is observed by a microscope to
check the increase or decrease in the number of bacteria or
fungi and the change in shape of the bacteria or fungi. Thus,
the susceptibility to the antimicrobial drug can be inspected.

(Second Embodiment)

A micro-device of the second embodiment is in a form of
having the same inlet and different observation areas in a
plurality of flow channels, for example. The micro-device of
the second embodiment can be described with reference to
the description of the first embodiment unless otherwise spe-
cifically indicated.

In the micro-device, a plurality of flow channels have the
same inlet, for example, and thus, in each observation area of
the flow channels, inspections of the same bacterial suspen-
sion to be inspected on different antimicrobial drugs and/or
inspections of the same bacterial suspension to be inspected
on the same antimicrobial drug with different concentrations
can be performed, for example.

FIGS. 2A to 2D show an example of the micro-device. F1G.
2A is a perspective view showing a micro-device 2 in the state
of separating into an upper substrate 60 and a lower substrate
70 which configure the micro-device 2. FIG. 2B is a top view
of the micro-device 2. FIG. 2C is a bottom view of the upper
substrate 60, i.e., a drawing of the surface of the upper sub-
strate 60 on which the lower substrate 70 is laminated. FIG.
2D is a cross-sectional view taken along the line I-I of FIG.
2B.

As shown in FIGS. 2A and 2B, the upper substrate 60 is
provided with a through hole 61' as an inlet and through holes
654" to 654" as air vents. As shown in FIG. 2C, in the lower
surface of the upper substrate 60, an introduction section 61
corresponding to the inlet 61, a first introduction flow chan-
nel 66, second introduction flow channels 62a to 62d
branched from the downstream end of the first introduction
flow channel 66, observation areas 63a to 634, discharge flow
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channels 64a to 64d, and exhaust sections 65a to 65d are
linked and formed as a concave portion.

Hereinafter, each space formed by linking the inlet, the
introduction section, the first introduction flow channel, the
second introduction flow channel, the observation area, the
discharge flow channel, the exhaust section, and the air vent is
referred to as a “lane”, and the name of each lane is repre-
sented by the reference numeral of each second introduction
flow channel. That is, for example, a space formed by linking
an inlet 61', an introduction section 61, a first introduction
flow channel 66, a second introduction flow channel 62a, an
observation area 63a, a discharge flow channel 64a, an
exhaust section 654, and an air vent 654" is referred to as alane
62a.

The size of the micro-device 2 is not particularly limited
and can be shown as follows, for example.

Overall Size

Width (Length in an arrow X direction in FIG. 2A): e.g., 30
to 40 mm

Length (Length in an arrow Y direction in FIG. 2A): e.g.,
30 to 40 mm

Thickness (Length in an arrow Z direction in FIG. 2A):
eg.,1to3 mm
Upper substrate 60

Thickness: e.g., 0.8 to 2.8 mm

Depth of concave portion: e.g., 17 pm
Inlet

Diameter: e.g., 0.75 mm
Introduction Flow Channel

Length: e.g., 50 mm
First introduction flow channel: e.g., 2 mm
Second introduction flow channel: e.g., 3 to 5 cm
Observation Area

Length: e.g., 8 mm
Discharge Flow Channel

Length: e.g., 2 to 5 mm
Exhaust Section

Diameter: e.g., 1.5 mm

The micro-device 2 includes a reagent section, for
example. The position of the reagent section is not particu-
larly limited. The reagent section preferably includes at least
the observation area, more preferably includes a range from
the position downstream from the first introduction flow
channel (for example, the middle of the second introduction
flow channel) to the exhaust section, for example.

In the micro-device 2, the introduction volume of the anti-
microbial drug solution into each flow channel is not particu-
larly limited and is, for example, 0.25 to 1 puL. per a lane.

In the micro-device 2, the introduction volume of the bac-
terial suspension to be inspected is not particularly limited
and is, for example, 9 to 10 pL. In the micro-device 2, the
introduction density of bacteria in the bacterial suspension to
be inspected is not particularly limited.

Each flow channel of the micro-device 2 has the same inlet
and a different observation area. Therefore, according to the
micro-device 2, for example, by placing a different antimi-
crobial drug in each flow channel and introducing, from the
inlet, the same bacterial suspension to be inspected into each
flow channel, the susceptibility of specific bacteria to be
inspected to a plurality of antimicrobial drugs can be checked,
for example. Moreover, according to the micro-device 2, for
example, by placing the same antimicrobial drug with a dif-
ferent concentration in each flow channel and introducing the
same bacterial suspension to be inspected into the inlet, the
MIC (minimum inhibitory concentration) of the specific anti-
microbial drug can be determined.
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A specific example of the micro-device 2 can be, for
example, in a form of placing a different antimicrobial drug in
each of three lanes among the lanes 62a to 624 and using the
remaining lane as a control of placing no antimicrobial drug.
With this form, for example, the susceptibility of one kind of
a bacterial suspension to be inspected to three kinds of anti-
microbial drugs can be checked.

A method for inspecting susceptibility of a bacterial sus-
pension to be inspected to a bacterial drug using the micro-
device 2 is not particularly limited and can be described with
reference to the above-mentioned example in FIG. 1 except
that the bacterial suspension to be inspected is introduced
from the inlet 61' into the micro-device 2.

(Third Embodiment)

A micro-device of the third embodiment is, as mentioned
in the second embodiment, in a form of having the same inlet
and different observation areas in a plurality of flow channels,
for example. The micro-device of the third embodiment can
be described with reference to the descriptions of the first and
second embodiments unless otherwise specifically indicated.

In the micro-device, a plurality of flow channels have the
same inlet, for example, and thus, in each observation area of
the flow channels, inspections of the same bacterial suspen-
sion to be inspected on different antimicrobial drugs and/or
inspections of the same bacterial suspension to be inspected
on the same antimicrobial drug with different concentrations
can be performed, for example.

FIGS. 10A to 10D show yet another example of the micro-
device. FIG. 10A is a perspective view showing a micro-
device 3 in the state of separating into an upper substrate 90
and alower substrate 100 which configure the micro-device 3.
FIG. 10B is a top view of the micro-device 3. FIG. 10C is a
bottom view of the upper substrate 90, i.e., a drawing of the
surface of the upper substrate 90 on which the lower substrate
10 is laminated. FIG. 10D is a cross-sectional view taken
along the line II-I1 of FIG. 10B.

As shown in FIGS. 10A and 10B, the upper substrate 90 is
provided with a through hole 91' as an inlet and through holes
95a' to 95f as air vents. As shown in FIG. 10C, in the lower
surface of the upper substrate 90, an introduction section 91
corresponding to the inlet 91, a first introduction flow chan-
nel 96, second introduction flow channels 92a to 92fbranched
from the downstream end of the first introduction flow chan-
nel 96, observation areas 93a to 93/, discharge flow channels
94a to 94f, and exhaust sections 95a to 95/ are linked and
formed as a concave portion.

Hereinafter, each space formed by linking the inlet, the
introduction section, the first introduction flow channel, the
second introduction flow channel, the observation area, the
discharge flow channel, the exhaust section, and the air vent is
referred to as a “lane”, and the name of each lane is repre-
sented by the reference numeral of each second introduction
flow channel. That is, for example, a space formed by linking
an inlet 91', an introduction section 91, a first introduction
flow channel 96, a second introduction flow channel 92a, an
observation area 93a, a discharge flow channel 94a, an
exhaust section 954, and an air vent 954" is referred to as a lane
92a.

In the lanes of the micro-device 3, corners of the second
introduction flow channels 924 to 92f are round. The widths
of the flow channels of observation areas 93a to 93f are
smaller than the widths of the second flow channels 92a to 92
and the widths of the discharge flow channels 92a to 92f.
Moreover, in each lane, the lengths of the respective flow
channels from the observation areas 93a to 93710 the exhaust
sections 95a to 95f are the same.
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The size of the micro-device 3 is not particularly limited
and can be shown as follows, for example.
Overall Size

Width (Length in an arrow X direction in FIG. 10A): e.g.,
30 to 40 mm

Length (Length in an arrow Y direction in FIG. 10A): e.g.,
30 to 40 mm

Thickness (Length in an arrow Z direction in FIG. 10A):
e.g., 1to4 mm.

Upper substrate 60

Thickness: e.g., 0.8 to 3 mm Depth of concave portion: e.g.,
50 um (inlet portion: e.g., 300 pum)

Inlet

Diameter: e.g., 1 mm
Introduction Flow Channel

Length: e.g., 25 to 35 mm
First Introduction Flow Channel

Length: e.g., 2 mm
Second Introduction Flow Channel

Length: e.g., 23 t0 33 cm

Width: e.g., 200 um
Observation Area

Length: e.g., 4 mm

Width: e.g., 100 um
Discharge Flow Channel

Length: e.g., 2 to 3 mm

Width: e.g., 500 pum
Exhaust Section

Diameter: e.g., 1.5 mm

The micro-device 3 includes a reagent section, for
example. The reagent section is the same as in the above-
mentioned second embodiment, for example.

In the micro-device 3, the introduction volume of the anti-
microbial drug solution into each flow channel is not particu-
larly limited and is, for example, 0.2 to 0.4 uL. per a lane.

In the micro-device 3, the introduction volume of the bac-
terial suspension to be inspected is not particularly limited
and is, for example, from 15 to 25 pL.. In the micro-device 3,
the introduction density of bacteria in the bacterial suspen-
sion to be inspected is not particularly limited.

Each flow channel of the micro-device 3 has the same inlet
and a different observation area. Therefore, according to the
micro-device 3, for example, the susceptibility of specific
bacteria to be inspected to a plurality of antimicrobial drugs
can be checked, or the MIC (minimum inhibitory concentra-
tion) of a specific antimicrobial drug can be determined, as in
the above-mentioned second embodiment.

A specific example of the micro-device 3 can be, for
example, in a form of placing a different antimicrobial drug in
each of five lanes of the lanes 92a to 92f and using the
remaining lane as a control of placing no antimicrobial drug.
With this form, for example, the susceptibility of one kind of
a bacterial suspension to be inspected to five kinds of antimi-
crobial drugs can be checked.

A method for inspecting susceptibility of a bacterial sus-
pension to be inspected to an antimicrobial drug using the
micro-device 3 is not particularly limited and can be
described with reference to the above-mentioned example in
FIG. 1 except that the bacterial suspension to be inspected is
introduced from the inlet 91' into the micro-device 3.

Next, the inspection system of the present invention is, as
mentioned above, a system for inspecting susceptibility of
bacteria or fungi to an antimicrobial drug by the inspection
method of the present invention, including: an incubation unit
that incubates a micro-device having a flow channel contain-
ing a mixture of a bacterial suspension to be inspected and the
antimicrobial drug; an image acquisition unit that acquires an
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image of'an observation area in the flow channel of the micro-
device; an information acquisition unit that acquires informa-
tion on at least one of the number, the degree of sparseness or
density, and the shape of bacteria or fungi in the image; and a
determination unit that determines susceptibility of bacteria
or fungi derived from the bacterial suspension to be inspected
to the antimicrobial drug on the basis of the information.

The inspection system of the present invention can be, for
example, an inspection device built by a computer system.
The hardware structure of the system is not limited and may
be, for example, a structure in which a storage device and
input devices such as a keyboard, a mouse, and the like are
connected to a CPU which is a control section, and a result
output device, a display device (display) of displaying the
input data and results, and the like further may be connected
to the CPU, for example. Moreover, each unit may be a
functional block that is realized by executing a predetermined
program with a CPU of a computer. Therefore, for example,
each composition unit may not be mounted as hardware and
may be a network system.

The inspection system of the present invention further
includes a fixing unit that sets up the micro-device, for
example. The micro-device may be, for example, a disposable
micro-device and may be replaced with every measurement
and detection of a specimen. The inspection system has an
inlet of introducing a specimen into the set micro-device, and
the inlet may be identical to the inlet of the micro-device, for
example. The inspection system includes a unit that automati-
cally incubates a specimen introduced into the micro-device
by temperature control or the like, for example. The inspec-
tion system further includes a unit that intermittently or con-
tinuously acquires automatically an image of an observation
area of the micro-device, for example. The inspection system
further has a unit that acquires data on the number, the degree
of sparseness or density, or the shape of bacteria or fungi of
the specimen or changes thereof from each image data and
comparing the data with reference values, for example.

FIG. 9 shows an example of the configuration of the inspec-
tion system of the present invention. FIG. 9 is a schematic
view, and the size, the form, and the like of the inspection
system are not at all limited. FIG. 9 is merely an example, and
the present invention is not limited thereby.

As shown in FIG. 9, the inspection system includes a
measurement section 7 and an image processing section 8.
The measurement section 7 includes a microscope 700. The
microscope 700 contains a CCD camera 701 and includes a
placement section 702 to which a micro-device 71 is set and
a temperature control section 703 of controlling a tempera-
ture of the placement section 702. Although the microscope
700 is not shown, the microscope 700 includes components
generally included in a microscope, such as a light source and
the like, for example. The image processing section 8
includes a CPU 80, a storage section 81, and an output section
82. Examples of the storage section 81 include ROM, HDD,
and HD. Examples of the output section 82 include a monitor
and a printer.

According to the inspection system, the inspection method
of the present invention can be carried out as follows, for
example. First, a micro-device 71 is set in a placement section
702 of a microscope 700 in a measurement section 7. The
micro-device 71 may be a micro-device into which a mixture
of'a bacterial suspension to be inspected and an antimicrobial
drug has been previously introduced or a micro-device into
which only an antimicrobial drug has been previously intro-
duced. In the case of the micro-device into which only an
antimicrobial drug has been introduced, the bacterial suspen-
sion to be inspected may be introduced after setting the micro-
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device in the placement section 702. Then, the micro-device
71 setinthe placement section 702 is incubated by controlling
a temperature in the placement section 702 by a temperature
control section 703.

An image of an observation area of the micro-device 71 is
taken by the CCD camera 701 of the microscope 700 and is
output as a signal. The image can be taken intermittently or
continuously. At that time, it is preferred that the measure-
ment section 7 further includes a control section of control-
ling taking an image. The control section can be, for example,
a CPU. Then, the output signal is input into a CPU 80 of the
image processing section 8. When the signal is subjected to
arithmetic processing by the CPU 80, data obtained after the
arithmetic processing is output to an output section 82 and
stored in a storage section 81.

By subjecting the signal output from the measurement
section 7 to arithmetic processing by the CPU 80, data show-
ing changes in the number, the degree of sparseness or den-
sity, and/or the shape of bacteria or fungi may be calculated,
and further, the calculated data may be compared with refer-
ence values which has been previously set, to determine the
susceptibility to an antimicrobial drug, for example.

EXAMPLES

The examples of the present invention are described below.
The present invention, however, is not limited by the follow-
ing examples.

Example 1

(1) Micro-device
A micro-device 1 shown in FIG. 1 was produced as fol-

lows. In the micro-device 1, an upper substrate 10 was made

of PDMS, and a lower substrate 20 was made of glass. The
size of the micro-device 1 was as follows.

Overall length (Y direction): 30 mm

Overall width (X direction): 40 mm

Overall thickness (Z direction): 2 to 3 mm

Depth of concave portion of upper substrate: 17 um

Diameter of inlet: 0.75 mm

Length of introduction flow channel: 10 to 15 mm

Width of introduction flow channel: 0.1 mm

Length of observation area: 2 to 5 mm

Width of each flow channel of observation area: 0.1 mm

Length of discharge flow channel: 10 to 13 mm

Width of discharge flow channel: 0.1 mm

Diameter of exhaust section: 1 mm

Diameter of through hole of upper substrate: 0.75 mm
(1-1) Production of Template

1) A cover glass with 40 mmx50 mm (No. 5, thickness: 1 mm,
Matsunami Glass Ind., [.td.) or a silicon wafer (3 inch,
Ferrotec Co.) was spin-coated with a coating agent (trade
name: OmniCoat, MicroChem) at 4000 rpm for 10 seconds
and then baked at 180° C. for 1 minute.

2) A resultant object was spin-coated with a photoresist (SU8-
25, MicroChem) at 2000 rpm for 30 seconds so as to have
a film thickness of 16 to 17 um.

3) The object was pre-baked at 65° C. for 3 minutes and 95°
C. for 7 minutes.

4) The object was exposed to light in a micro-pattern by a
maskaligner (trade name: ES20, Nanomeric Technology
Inc.) for 11 seconds.

5) After the exposure to light, the object was baked at 65° C.
for 1 minute and 95° C. for 3 minutes.

6) The object was subjected to development for 2 minutes by
a SU8-Developer (trade name, MicroChem Corp.).
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7) The object was hard-baked at 180° C. for 30 minutes in
order to hardly bake.

8) The object was spin-coated with 0.84 wt % Cytop809ME
(trade name, Asahi Glass Co., Ltd,) at 4000 rpm and treated
at 180° C. for 1 hour in order to cause PDMS described
below to be easily removed.

(1-2) Molding of PDMS Flow Channel

1) Polydimethylsiloxane (PDMS) (trade name: Silpot 184,
Dow Corning Toray Co., Ltd.) and a polymerization cata-
lyst were mixed at a weight ratio of 10:1, and a resultant
mixture was deaerated for 30 minutes.

2) The mixture was dipped in a mold, which was then sintered
at 100° C. for 30 minutes.

(1-3) Lamination of Glass Substrate and PDMS

1) The solidified PDMS base material was removed and
placed in a reactive ion etching device (trade name: RIE-
10NR, Samco) together with a cover glass (No. 1, thick-
ness: 0.12 to 0.17 mm, Matsunami Glass Ind., Ltd.) previ-
ously washed with ethanol.

2)The cover glass and the PDMS base material were exposed
to oxygen plasma at an oxygen flow rate of 100 standard
cubic/minute (sccm), a pressure of 50 Pa, and an RF power
of 30 W for 20 seconds.

3) The plasma-treated surface of the cover glass and the
plasma-treated surface of the PDMS base material were
laminated and bonded to each other.

4) Through holes as an inlet(s) and an air vent(s) were bored
in the bonded laminate with a puncher (trade name:
BP-15F, Kai Industries Co., Ltd.).

(2) Preparation of Antimicrobial Drug Solution

Each of three kinds of antimicrobial drugs shown below
was mixed in phosphate buffered saline (PBS, 10 mmol/L,
pH7.2 to pH7.4) so as to have the following concentrations.

Thus, antimicrobial drug solutions were prepared. Amikacin

(trade name: AMK, Sigma)

640, 320, 160, 80 pg/ml

Ciprofloxacin (trade name: CPFX, Tokyo Chemical Industry
Co., Ltd.)

80, 40, 20, 10 pg/mL

Imipenem/Cilastatin (trade name: IPM, Banyu Pharmaceuti-
cal Co. Ltd.)

320, 160, 80, 40 pg/ml. (IPM concentration)

(3) Preparation of Bacterial Suspension to be Inspected
Pseudomonas aeruginosa was pre-cultured at 37° C. for 24
hours using a Mueller-Hinton Agar (Becton, Dickinson and

Company) plate. A colony was suspended in a Mueller-Hin-

ton broth so as to have MacFarland=0.5 (OD600=0.132). As

Pseudomonas aeruginosa, multi-drug resistant strains #2 and

#5 (available from BML) and an S1 strain (susceptibility

strain, available from BML) were used.

(4) Incubation

The antimicrobial drug solution obtained in the (2) above
and the culture solution obtained in the (3) above were mixed
at a volume ratio of 1 9, and 1 plL of a resultant mixture was
injected into each inlet of a micro-device 1. As a control,
sterile water as a substitute for the antimicrobial drug solution

and the culture solution were mixed at a volume ratio of 1:9,

and 1 plL of a resultant mixture was injected into an inlet of the

micro-device 1. Then, the micro-device 1 was placed in a petri
dish, and the petri dish was placed in an airtight container.

Kimwipe (Trade Mark) containing water was placed in each

of the petri dish and the airtight container. The airtight con-

tainer was placed in an incubator at 37° C. and incubated for

3 hours. The relative humidity of each of the airtight container

and the petri dish was 97%.
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(5) Determination

The micro-device 1 was taken out of the airtight container,
and an increase or decrease in the amount of bacteria and a
change in shape relative to the control in an observation area
was checked by a microscope, and the MIC (minimum inhibi-
tory concentration) was determined.

On the other hand, the MIC of each of AMK, CPFX, and
IPM to the same Pseudomonas aeruginosa was measured by
a broth microdilution method according to the CLSI stan-
dards (standard method).

FIG. 3 shows microscope photographs of the #2 strain of
Pseudomonas aeruginosa after the incubation. In FIG. 3, the
numbers in the photographs of AMK, CPFX, and IPM show
the final concentrations (ug/ml.) of the respective antimicro-
bial drugs, “+” shows that the #2 strain had grown compared
with the control (0 hr), and “~” shows that the growth of the
#2 strain was the same as the control (0 hr), and the growth is
suppressed. As shown in FIG. 3, the results of the method
using the micro-device showed that the MIC of AMK to the
#2 strain of Pseudomonas aeruginosa was 32 ug/mlL or more,
the MIC of CPFX to the same was 4 ug/ml. or more, and the
MIC of the IPM to the same was 16 pg/mL. On the other hand,
the results of the standard method showed that the MIC of the
AMK was 64 ng/ml, the MIC of the CPFX was 32 pug/ml.,
and the MIC of the IPM was 32 ng/mlL.. The MIC of the IPM
by the standard method was two times more than the MIC of
IPM by the method using the micro-device. However, each
MIC was determined as the same, Resistance (R), based on
the break point of CLSI as an indicator.

FIG. 4 shows microscope photographs of the S1 strain of
Pseudomonas aeruginosa after the incubation. In FIG. 4, the
numbers in the photographs of AMK, CPFX, and IPM show
the final concentrations (ug/ml.) of the respective antimicro-
bial drugs. As shown in FIG. 4, at each concentration of each
antimicrobial drug, the growth as in a control (3 hr) was not
shown. Thus, the results showed that the S1 strain showed
susceptibility to each antimicrobial drug.

FIG. 5 shows microscope photographs of the #5 strain
(MDRP) of Pseudomonas aeruginosa after the incubation. In
FIG. 5, the numbers in the photographs of AMK, CPFX, and
IPM show the final concentrations (ug/mL) of the respective
antimicrobial drugs. As shown in FIG. 5, at each concentra-
tion of each antimicrobial drug, the growth was promoted
compared with a control (0 hr). Thus, the results showed that
the #5 strain showed a resistance to each antimicrobial drug.

Example 2

(1) Micro-device

A micro-device shown in FIG. 2 was produced in the same
manner as in Example 1. In the micro-device, an upper sub-
strate was made of PDMS, and a lower substrate was made of
glass. The size of the micro-device 2 was as follows.
Overall length (Y direction): 40 mm
Overall width (X direction): 30 mm
Overall thickness (Z direction): 2 mm
Depth of concave portion of upper substrate 60: 17 pm
Diameter of inlet: 0.75 mm
Diameter of introduction section: 3 mm
Length of introduction flow channel: 30 to 40 mm
First introduction flow channel: 1 to 2 mm
Second introduction flow channel: 28 to 39 mm
Width of introduction flow channel: 0.3 to 0.5 mm
Length of observation area: 8 mm
Width of observation area: 0.5 mm
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Length of discharge flow channel: 2 to 4 mm
Width of discharge flow channel: 0.5 mm
Diameter of exhaust section: 1.5 mm

Each of Amikacin (trade name: AMK, Sigma), Ciprofloxa-
cin (trade name: CPFX, Tokyo Chemical Industry Co., [.td.),
and Imipenem/Cilastatin (trade name: IPM, Banyu Pharma-
ceutical Co. Ltd.) was dissolved in PBS so as to each have a
concentration of 2 to 4 mg/ml.. Each resultant solution was
then further diluted with 100% ethanol. Thus, antimicrobial
drugs with the respective predetermined concentrations were
prepared (AMK: 160 pg/ml, CPFX: 20 pg/mL, IPM: 80
png/mL). Then, 0.25 pl. of each antimicrobial drug was
injected into each exhaust section of the micro-device 2, and
the micro-device 2 was dried for about 15 minutes at room
temperature.

(2) Determination

The incubation and determination were performed in the
same manner as in Example 1 except that about 10 pL. of a
bacterial suspension to be inspected, prepared in the same
manner as in Example 1, was injected into a common inlet.

FIG. 7 shows microscope photographs of the S1 strain
(susceptibility strain) of Pseudomonas aeruginosa after the
incubation. As shown in FIG. 7, according to the method
using the micro-device 2, the growth of the S1 strain of
Pseudomonas aeruginosa according to the incubation time
was found in the flow channel with no addition of antimicro-
bial drug (control). However, the growth was not found in
each flow channel with the addition of each antimicrobial
drug.

FIG. 8 shows microscope photographs of the #5 strain
(MDRP) of Pseudomonas aeruginosa after the incubation.
As shown in FIG. 8, according to the method using the micro-
device 2, when each antimicrobial drug was added, the
growth of the #5 strain of Pseudomonas aeruginosa accord-
ing to the incubation time was found in the case where each
antimicrobial drug was added as in the case where the anti-
microbial drug was not added (control).

Example 3

65 kinds of Pseudomonas aeruginosa strains were treated
with AMK, CPFX, and IPM in the same manner as in
Example 2 and classified into multi-drug resistance (three-
drug resistance), two-drug resistance, one-drug resistance,
and susceptibility (susceptibility to three drugs). Moreover,
65 kinds of Pseudomonas aeruginosa strains were classified
into the resistances and the susceptibility by the standard
method described in Example 1. FIG. 6 shows the results
thereof. FIG. 6 is a graph showing the number of strains
classified into each of the resistances and the susceptibility
among the 65 strains of Pseudomonas aeruginosa. As shown
in FIG. 6, the same classification results as in the case of using
the standard method were obtained by the method using the
micro-device of the present example. The results showed that
according to the method using the micro-device of the present
invention, the resistance and the susceptibility can be deter-
mined in a really short time (3 hours) compared with the
standard method that requires a long time to determine.

INDUSTRIAL APPLICABILITY

As described above, according to the present invention, the
susceptibility of bacteria or fungi to an antimicrobial drug can
be easily and rapidly checked by incubating a mixture of an
antimicrobial drug and a bacterial suspension to be inspected
in a flow channel of the micro-device and observing an obser-
vation area of the flow channel by, for example, a microscope.
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Moreover, according to the inspection system of the present
invention, the inspection method of the present invention can
be easily performed. Therefore, the present invention is really
useful in clinical inspection, environmental test, and the like.
Specifically, in the clinical inspection, for example, an appro-
priate antimicrobial drug for bacteria and fungi to be
inspected can be promptly selected. Thus, effects such as an
improvement in lifesaving rate, a reduction in amount of an
unnecessary drug to be used, and the like are expected, and in
the long run, there is a possibility of suppressing an increase
in the number of resistant bacteria.

EXPLANATION OF REFERENCE NUMERALS

1,2,3 micro-device
10, 60, 90 upper substrate
20, 70, 100 lower substrate
11, 21", 31", 41', 51", 61", 91 inlet

11,21,31,41, 51, 61, 91
12,22,32,42, 52, 62,92
13,23,33,43, 53, 63, 93
14, 24, 34, 44, 54, 64, 94
15, 25, 35,45, 55, 65, 95

introduction section
introduction flow channel
observation area
discharge flow channel
exhaust section

15', 25", 35", 45', 55', 65', 95' air vent
7 measurement section
700 Microscope
701 CCD camera
702 placement section
703 temperature control section
71 micro-device
8 image processing section
80 CPU
81 storage section
82 output section

The invention claimed is:

1. A method for inspecting a susceptibility of bacteria or
fungi to an antimicrobial drug using a micro-device having a
plurality of flow channels, comprising:

providing a suspension to be inspected to a micro-device

having a plurality of flow channels in which an antimi-
crobial drug already is present, the respective flow chan-
nels differing from one another in at least one selected
from the identity and the concentration of the antimicro-
bial drug;

incubating a mixture of the antimicrobial drug and a sus-

pension to be inspected in the plurality of flow channels
of the micro-device, and

detecting with a microscope, bacteria or fungi derived from

the suspension to be inspected in an observation area of

each of the plurality of flow channels of the micro-
device, wherein, in the micro-device,

the antimicrobial drug is placed in each of the plurality of

flow channels before introducing the suspension to be
inspected into the flow channels,

the plurality of flow channels have a common inlet,

each of the flow channels comprises the common inlet, the
observation area, and an exhaust section in this order,

the plurality of flow channels are in parallel and positioned
to be in a field of view of the microscope in the obser-
vation areas,

the observation areas of the plurality of flow channels all
have the same width and the same length,

in each of the flow channels, a length of a part extending
from an exhaust section-side end of the observation area
to the exhaust section is shorter than that of a part extend-
ing from a common inlet side end of the observation area
to the common inlet, and
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wherein, in the incubating step, the suspension to be
inspected is introduced into each of the flow channels via
the common inlet of the micro-device, and

all of the observation areas of the plurality of flow channels
are observable within a field of view of the microscope at
the same time and all of the observation areas of the
plurality of flow channels are inspected with the micro-
scope at the same time.

2. The method according to claim 1, wherein

in the detecting step, at least one of a number and a shape
of bacteria or fungi derived from the suspension to be
inspected in each of the observation areas is observed.

3. The method according to claim 1, wherein

a depth of each of the flow channels is from 10 to 25 pm.

4. The method according to claim 1, wherein

the detecting step is performed after the incubating step.

5. A method for inspecting a susceptibility of bacteria or

fungi to an antimicrobial drug using a micro-device having a

20 plurality of flow channels, comprising:
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providing a suspension to be inspected to a micro-device
having a plurality of flow channels in which an antimi-
crobial drug already is present, the respective flow chan-
nels differing from one another in at least one selected
from the identity and the concentration of the antimicro-
bial drug;

incubating a mixture of the antimicrobial drug and the
suspension to be inspected in the plurality of flow chan-
nels of the micro-device; and

detecting with a microscope, bacteria or fungi derived from
the suspension to be inspected in an observation area of
the plurality of flow channels of the micro-device,

wherein, in the micro-device,

the plurality of flow channels have a common inlet,

each of the flow channels comprises the common inlet, the
observation area, and an exhaust section in this order,

the plurality of flow channels are in parallel and positioned
to be in a field of view of the microscope in the obser-
vation areas,

the observation areas of the plurality of flow channels all
have the same width and the same length,

in each of the flow channels, a length extending from an
exhaust section-side end of the observation area to the
exhaust section is shorter than a part extending from a
common inlet side end of the observation area to the
common inlet, and

wherein, before the incubating step, the suspension to be
inspected is introduced into each of the flow channels via
the common inlet of the micro-device, and

all of the observation areas of the plurality of flow channels
are observable within a field of view of the microscope at
one time and all of the observation areas of the plurality
of flow channels are inspected with the microscope at the
same time.

6. The method according to claim 5, wherein

in the detecting step, at least one of a number and a shape
of bacteria or fungi derived from the suspension to be
inspected in each of the observation areas is observed.

7. The method according to claim 5, wherein

a depth of each of the flow channels is from 10 to 25 pm.

8. The method according to claim 5, wherein

the detecting step is performed before or after the incubat-
ing step.

9. The method according to claim 1, wherein

in the respective flow channels, the lengths of the parts
extending from the exhaust section-side ends of the
observation areas to the exhaust sections are the same.
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10. The method according to claim 1, wherein

in each of the flow channels, the observation area has a
smaller width than the part extending from the common
inlet side end of the observation area to the common inlet
and the part extending from the exhaust section-side end
of the observation area to the exhaust section.

11. The method according to claim 1, wherein

in the respective flow channels, lengths of the parts extend-
ing from the exhaust section-side ends of the observation
areas to the exhaust sections are the same, and

in each of the flow channels, the observation area has a
smaller width than the part extending from the common
inlet side end of the observation area to the common inlet
and the part extending from the exhaust section-side end
of the observation area to the exhaust section.

12. The method according to claim 1, wherein

the antimicrobial drug is placed by introducing an antimi-
crobial drug solution containing the antimicrobial drug
to the exhaust section and drying the antimicrobial drug
solution.

13. The method according to claim 1, wherein

one of the plurality of flow channels is a control flow
channel in which the antimicrobial drug is not placed.

14. The method according to claim 13, wherein

in the detecting step, at least one of a number and a shape
of bacteria or fungi derived from the suspension to be
inspected in the observation area of the control flow
channel and at least one of a number and a shape of
bacteria or fungi derived from the suspension to be
inspected in each of the observation areas of the flow
channels in which the antimicrobial drug is placed are
observed.

15. The method according to claim 5, wherein

in each of the respective ones of the plurality of flow
channels, lengths of the parts extending from the exhaust
section-side ends of the observation areas to the exhaust
sections are the same.
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16. The method according to claim 1, wherein

in each of the flow channels, the observation area has a
smaller width than the part extending from the common
inlet side end of the observation area to the common inlet
and the part extending from the exhaust section-side end
of the observation area to the exhaust section.

17. The method according to claim 5, wherein

in each of the respective ones of the plurality of flow
channels, lengths of the parts extending from the exhaust
section-side ends of the observation areas to the exhaust
sections are the same, and

in each of the flow channels, the observation area has a
smaller width than the part extending from the common
inlet side end of the observation area to the common inlet
and the part extending from the exhaust section-side end
of the observation area to the exhaust section.

18. The method according to claim 5, wherein

the antimicrobial drug is placed by introducing an antimi-
crobial drug solution containing the antimicrobial drug
to the exhaust section and drying the antimicrobial drug
solution.

19. The method according to claim 5, wherein

one of the plurality of flow channels is a control flow
channel in which the antimicrobial drug is not placed.

20. The method according to claim 19, wherein

in the detecting step, at least one of a number and a shape
of bacteria or fungi derived from the suspension to be
inspected in the observation area of the control flow
channel and at least one of a number and a shape of
bacteria or fungi derived from the suspension to be
inspected in each of the observation areas of the flow
channels in which the antimicrobial drug is placed are
observed.



